This year marks the 30th Anniversary of Professor I. C. Michaelson's completion of his manuscript of the textbook, Retinal Circulation in Man and Animals, which was published in 1954.' This textbook represented a monumental contribution to the understanding of the anatomy and physiology of the retinal circulation. In this issue of the British Journal of Ophthalmology, which is dedicated to the memory of Professor Michaelson, it is appropriate to recognise the significance of his studies which fostered many major research investigations of the retinal vessels.
Professor Michaelson published his first report on the anatomy of the smaller retinal vessels in 1940. 2 Although interrupted by his military service, he continued these investigations and published in 1948 his classical thesis on 'The mode of development of the retinal vessels and some observations of its significance in certain retinal diseases. '3 His textbook on the Retinal Circulation in Man and Animals became a classic in the ophthalmic literature and continues to be an important resource reference for contemporary investigators studying the pathophysiology of the retinal vessels. The late Dr Jonas S. Friedenwald, in the foreword to Michaelson's textbook, stated, 'This wide variation in the vascular Correspondence to Dr A. Patz. pattern supplying the retina is a matter of intrinsic interest from the morphological and morphogenetic point of view, but has bearings on many other fields as well. There is hardly a problem in retinal physiology that cannot be illuminated to some degree by a consideration of the diffusion gradients of metabolites in this tissue. The knowledge that these diffusion gradients are characteristically different in different species, and even in different portions of the retina in some animals, can furnish significant clues to the workers in retinal physiology.' Friedenwald continued by stating, 'Dr. Michaelson's thoughtful, scholarly, and thought-provoking monograph has added much to our knowledge in these matters and should be useful to the morphologist, the physiologist and the clinician concerned with retinal vascular conditions.'
Postulation of angiogenic substances
The Theory that the developing retina liberates a chemical substance that stimulates retinal vascularisation in the developing retina was first suggested by Michaelson in 1948. Michaelson studied extensively the developing vasculature in the feline retina and concluded that a 'chemical factor' is probably responsible for controlling the growth and development of the retinal vasculature. He suggested that this 42 factor had the following properties: (1) the factor is present in the extravascular tissue of the retina; (2) it is present in the gradient of concentration such that it differs in arteriolar and venous neighborhoods; (3) the factor possibly is therefore of a biochemical nature; (4) its action is on the retinal veins predominantly; (5) the factor initiating capillary growth from veins probably determines the distance to which the capillary growth will extend, the initiation and cessation of growth depending on variation and concentration of the factor.
In his discussion of retinal neovascularisation in human retinal diseases, Michaelson stated, ' preceded by the appearance of capillary nonperfusion. Retinal nonperfusion also is noted in branch vein occlusion prior to the development of neovascularisation. Since in branch vein occlusion the time of onset of the vascular closure can frequently be precisely documented, it is of interest that in general the neovascularisation in the patient with a major branch vein obstruction occurs approximately 1 year on average from the onset of the vascular occlusion. In the diabetic patient the greater the degree of capillary nonperfusion, the greater the likelihood for the development of neovascularisation (Fig. 1) . Similarly, in branch vein occlusion generally only those patients with large areas of capillary closure have a significant incidence of subsequent retinal neovascularisation.
The clinical and experimental observations in the proliferative retinopathies are consistent with the working hypothesis that retinal ischaemia or hypoxia produced by retinal capillary closure may lead to the production of a biochemical substance, 'angiogenesis factor' or 'vasoproliferative (vasoformative) factor.' Fig. 1 is a schematic representation of the nonperfused (ischaemic) retina liberating the hypothetical angiogenesis substance(s). The angiogenesis material is presumed to stimulate retinal neovascularisation either adjacent to the ischaemic areas in the retina, at the optic disc, or anteriorly on the surface of the iris. In suggesting this hypothesis for the development of retinal neovascularisation it is important to emphasise that this is only a suggested mechanism which is consistent with both the clinical and experimental observations cited above, and the hypothesis remains to be proved (Fig. 2) .
It is generally believed that other stimuli may be responsible for the development of retinal neovascularisation. For example, optic disc neovascularisation is a well recognised complication of the inflammatory condition of ocular sarcoidosis. Doxanas and coworkers9 have recently reported the complete resolution following the administration of antiinflammatory steroid medication. Another example of inflammation as an apparent source of retinal neovascularisation is the report of Shorb and associates,'0 who observed several cases of optic disc neovascularisation associated with chronic uveitis, where fluorescein angiography revealed essentially good retinal capillary perfusion.
Photocoagulation and retinal ischaenia
Panretinal photocoagulation for proliferative diabetic retinopathy has been clearly shown to be beneficial in the Diabetic Retinopathy Study. "I Panretinal photocoagulation involves treatment not directed towards the abnormal neovascularisation directly but to the surrounding, presumably ischaemic, retinal tissue. Not only is the continued proliferation of the new vessels halted following this treatment, but after panretinal treatment the existing neovascular channels atrophy, leaving little or sometimes no residua. From the histological studies of several investigators we propose, along with other investigators, that the ischaemic inner layers of the retina are altered by panretinal photocoagulation, so that the ischaemic or hypoxic stimulus to retinal neovascularisation is eliminated. It is paradoxical that the major site of laser photocoagulation response is in the outer layers of the retina, yet the ischaemic portion of the retina involves primarily its inner layers. Two related theories taking into account these histopathological observations have been proposed.
(1) Destruction of photoreceptor and pigment epithelial layers increases oxygen available for the inner layers. Weiter and Zuckerman'2 estimated that the photoreceptors and pigment epithelium consume two-thirds of the total oxygen used by the retina. Destroying these layers should enable a much greater concentration of oxygen to diffuse across the retina from the choriocapillaris to reach the inner ischaemic or hypoxic retinal layers.
(2) Increased oxygen tension in the inner retinal layers after photocoagulation constricts the retinal vessels, especially those feeding the neovascularisation. Wolbarsht and Landers"3 measured the retinal tissue oxygen levels at the internal surface of the retina in experimental animals and found that Po2 levels were essentially the same in normal and photocoagulated areas. After mechanically blocking the central retinal artery at the optic disc the Po2 level at the surface of the retina dropped in both the normal and photocoagulated portions of the retina. However, they observed that in normal or nonphotocoagulated retina the Po2 level was lower than in the laser treated retina. These results suggested that panretinal photocoagulation increased the retinal oxygen tension diffusing from the choriocapillaris to the inner layers.
Goldberg"4 has carefully described the pathogenesis of sickle cell retinopathy. The response of neovascularisation to photocoagulation in sickle cell retinopathy has been recently reported by Rednam et al.,à nd it is similar to that observed in diabetic retinopathy. These investigators applied a scatter pattern of argon laser photocoagulation in the area ofvascular occlusion, but deliberately avoided direct treatment to the neovascularisation. In 24 of 28 eyes treated, successful closure of the sea-fan resulted when the neovascularisation was not significantly elevated. 
